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Description 

This invention relates to a liquid 
chromatograph-direct coupl d mass sp ctrometer, 
which will be hereinafter referred to LC/MS, and 
more particularly to a liquid inlet port in the inter- 
face of LC/MS, which is suitable for improving the 
ionization efficiency without impairing the separa- 
tion condition of liquid chromatography. 

What is important in LC/MS is how to introduce 
a sample into the mass spectrometer without im- 
pairing the separation ability in the liquid 
chromatography. Thus, it is desirable that LC/MS 
can perform measurements without changing the 
measurement conditions of liquid chromatography. 
In an LC/MS using an ionization system based on 
ion-molecule reactions, however, some species of 
solutes in a mobile phase solvent of liquid 
chromatography cannot be ionized in some cases. 
Generally, ionization based on ion-molecule reac- 
tion under a pressure from the atmospheric pres- 
sure to a vacuum of about 133 Pa (1 Torr) includes 
several types of reaction. That is, proton transfer 
reaction and ion clustering reaction (addition reac- 
tion) take place as principal types of reaction in the 
ionization. 

Mobile phase solvent molecules A are ionized 
by corona discharge and electron bombardments 
and formed into reagent gas ions, i.e. AH + ions 
through further collisions with neutral molecules. 
Then, AH + ions further collide with solute mol- 
ecules B, whereby protons H + are transferred from 
the AH + ions to the solute molecules B to ionize 
the solute molecules B according to the following 
reaction equation. 

AH + + B 52 A + BH + 

This proton transfer reaction has a high reac- 
tion rate and is one of the most important reactions 
taking part in the chemical ionization. In order to 
make the reaction proceed toward the right side in 
the foregoing reaction equation, the proton affinity 
of mobile phase solvent molecules A must be 
lower than that of solute molecules B, whereby the 
protons H + can be smoothly transferred from A to 
B. In order to efficiently ionize B, a larger dif- 
ference in the proton affinity is desirable between 
the mobile phase solvent molecules A and the 
solute molecules B. Proton affinity of solvents often 
used in a liquid chromatography is 727.1 kJ/mole 
with H 2 0, 780.7 kJ/mole with methanol and 801.2 
kJ/mole with acetonitrile. If the proton affinity of 
solute molecules B is more than 801.2 kJ/mole, 
ionization can proceed efficiently with any of th s 
solvents, whereas in case of solute molecules B 
having a proton affinity of, for example, 795 
kJ/mole, ionization can proceed with water or 



methanol as a mobile phase solvent, but not with 
acetonitrile. Thus, it is necessary in the chemical 
ionization to check the proton affinities of mobile 
phase solvent mol cules A and the solute mol- 

5 ecules B. In a liquid chromatography, however, the 
mobile phase solvent plays a role of separating 
solutes and thus free selection of mobile phase 
solvents to improve the ionization efficiency is very 
limited. That is, generally it is not possible to 

10 simply replace acetonitrile with water as a mobile 
phase solvent on the ground that the ionization 
cannot be carried out with acetonitrile. In order to 
solve this problem, it has been proposed to use an 
optimum mobile phase solvent playing a role of 

15 separating solute components in a liquid 
chromatography, add another solvent suitable for 
ionizing separated solute components and feed the 
resulting mixture to a nebulizing means [Anal 
Chem. 51 No. 14, 2324-2326 (1979); Biochemical 

20 and Environmental Mass Spectroscopy, Vol. 15, 
179-182 (1988)]. 

Fig. 1 shows a conventional system for nebuliz- 
ing an eluate in an LC/MS, where a mobile phase 
solvent as an eluent, stored in an eluent storage 

25 tank 1 is fed to a separation column 4 through a 
sample injector 3 by driving a pump 2. A sample in 
a solution form _ is injected into the eluent at the 
sample injector 3 and separated into solute compo- 
nents through the separation column 4. When the 

30 eluent is not suitable for the ionization, the eluate 
from the separation column 4 is led to a mixing 
column 5 provided .downstream of the separation 
column 4, where the eluate is mixed with an ioniza- 
tion solvent fed from an ionization solvent storage 

35 tank 6 by driving a pump 2. The mixing column 5 
is filled with glass beads, and the resulting-mixture 
is led to a nebulizing means. However, in the 
proposed art, the separated solute components in 
the eluate from the separation column 4 are dif- 

40 fused and remixed in the mixing column 5, forming 
the so called dead volumes. Thus, no satisfactory 
separation is expected. Furthermore, it is a premise 
of the proposed art that the mobile phase solvent 
and the ionization solvent are well mutually mis- 

45 cible and thus there is a limit to selection of an 
ionization solvent. For example, in case of hexane 
as a mobile phase solvent, water cannot be used 
as an ionization solvent. 

Recently, a nebulizing means for the interface 

so region of LC/MS using a thermospray system or an 
atmospheric pressure ionization (API) system has 
been proposed to attain direct and rapid vaporiza- 
tion of an eluate from the liquid chromatograph and 
successive ionization reactions [Anal Chem, 58 No. 

55 1 4 1 451A-1461A (1986); Anal Chem, 55, 2280-2284 
(1983)]. However, the proposed nebulizing art still 
has such problems as use of auxiliary gas s such 
as nebulizer gas and makeup gas in the vaporiza- 
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tion of eluate, and consequent unstable ionization 
reactions and poor separation ability in the mass 
spectroscopy. 

From GB-A-2 151 021 there is known a com- 
bined liquid chromatograph and mass spectrometer 
having an interface section in which the jet of the 
effluent of the exit nozzle of the chromatograph is 
enveloped in a gas flow. This gas can be a gas that 
is normally used for chemical ionization. 

An object of the present invention is to provide 
a liquid chromatograph-direct coupled mass spec- 
trometer having a high separation ability without 
any limit to selection of mobile phase solvent and 
ionization solvent and free from the disadvantages 
of the prior art. 

The object of the present invention can be 
attained by a liquid chromatograph-direct coupled 
mass spectrometer, which comprises a liquid 
chromatograph section, a mass spectrometer sec- 
tion and an interface section coupling the liquid 
chromatograph section with the mass spectrometer 
section, the interface section being provided with a 
first nebulizing means for nebulizing an eluate of a 
hydrophobic solvent containing a sample in solu- 
tion introduced from the liquid chromatograph sec- 
tion through a capillary continuously into a vacuum 
or atmospheric pressure region, the first nebulizing 
means being further provided with a second 
nebulizing means for nebulizing a hydrophilic sol- 
vent and with a heating means for heating the first 
and second nebulizing means. 

In the present invention, the hydrophobic sol- 
vent (mobile phase solvent) containing a sample in 
solution and the hydrophilic solvent (ionizing sol- 
vent) are vaporized by the heating means and 
mixed together in a gaseous state, and thus the 
mutually immiscible solvents can be mixed. Fur- 
thermore, no such mixing column or no such auxil- 
iary gases as nebulizer gas and makeup gas is 
required and thus a satisfactory separation ability 
can be obtained. 

Fig. 1 is a schematic flow diagram showing an 
example of liquid chromatograph section in LC/MS 
according to the prior art. 

Fig. 2 is a schematic flow diagram of LC/MC 
according to one embodiment of the present inven- 
tion. 

Fig. 3 is a detailed view of a nebulizer shown in 
Fig. 2. 

In Fig. 2, one embodiment of LC/MS according 
to the present invention is shown, which comprises 
a liquid chromatograph section, an interface section 
and a mass spectrometer section. 

In Fig. 2, a hydrophobic solvent A ( luent) as a 
mobile phase solvent, stored in an luent storage 
tank 1 is fed to a separation column 4 through a 
damper 7 and a sample injector 3 by driving a 
pump 2. A sample is injected into the eluent at the 



sample injector 3 and separated into solute compo- 
nents in the separation column 4 and an luate 
containing the separated solute components from 
the separation column 4 is led to a nebulizer 8 
5 through a capillary (inner diameter: 0.1 - 0.2 mm). 

On the other hand, a hydrophilic solvent C as 
an ionization solvent, stored in an ionization solvent 
tank 6, is led to the nebulizer 8 through a damper 
7 byltriving a pump 2\ 
10 ~ As shown in Fig. 3, the nebulizer 8 comprises 
a nozzle 8B, to which the eluate from the separa- 
tion column 4 is led through the capillary, and a 
nozzle 8A having a larger diameter than that of the 
nozzle 8B, provided coaxially with the nozzle 8B, 
»5 and the~~ionization solvent C from the ionization 
solvent tank 6 is led to the" passage formed be- 
tween the outer wall of the nozzle 8B and the inner 
wall of the nozzle 8A. 

A heater 9 is provided at the outer periphery of 
20 the nozzle 8A to heat the nozzles 8A and 8B to a 
temperature - ^ about 200° to about 600 *C. The 
ionization solvent C from the ionization solvent tank 
6 is thus heated and vaporized by heating with the 
heater 9 and injected into a vacuum or atmospheric 
25 pressure region from the passage between the 
inner wall of nozzle 8A and the outer wall of nozzle 
8B. At the same timeT the eluate from the separa- 
tion column 4 is heated and nebulized and injected 
into the same region as above from the nozzle 8B. 
ao The nebulized liquid droplets of eluate collide with 
molecules of the heated and vaporized ionization 
solvent C and are made finer and ultimately vapor- 
ized. Thus, the eluate and the ionization solvent C 
can be completely mixed in a mutually gaseous 
35 state, whereby the hydrophobic solvent as a mobile 
phase solvent and the hydrophilic solvent as an 
ionization solvent, which are mutually immiscible in 
a liquid state, can be completely mixed. 

Furthermore, the vaporized ionization solvent C 
40 in a gaseous state guide the nebulized eluate A 
into the desired direction and also acts to make the 
droplets of the eluate A finer, that is, plays a role of 
so called makeup gas. Thus, the swing of ions to 
be detected in the mass spectrometer section can 
45 be made smaller. 

Then, the mixed gas of the vaporized eluate A 
and the ionization solvent C is ionized by a corona 
discharge needle 10 in an Ionization region, passed 
through apertureslt partition walls U. m ^ H in a 
50 differential pumping region and mass analyzed in a 
mass spectrometer section with quadruples 13. 

In the foregoing embodiment, the nozzles 8B 
and 8A in the nebulizer 8 are in a coaxial double 
pipe "structure, but are not always limited thereto. 
55 That is, th nozzl 8B and nozzle 8A are provided 
in differ nt axial directions from each other and 
their outlets are positioned close to each oth r to 
be focused to one point. 
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The foregoing nebulizer is applicable to a ther- 
mospray system or API system. 

As is apparent from the foregoing description, 
the present LC/MC has a high separation ability 
without any limit to selection of hydrophobic sol- 
vents and hydrophilic solvents. 

Claims 

1. A liquid chromatograph-direct coupled mass 
spectrometer, which comprises a liquid 
chromatograph section, a mass spectrometer 
section and an interface section coupling the 
liquid chromatograph section with the mass 
spectrometer section, the interface section be- 
ing provided with a first nebulizing means (8B) 
for nebulizing an eluate of a hydrophobic sol- 
vent containing a sample in solution introduced 
from the liquid chromatograph section through 
a capillary continuously into a vacuum or at- 
mospheric pressure region, the first nebulizing 
means (8B) being further provided with a sec- 
ond nebulizing means (8A) for nebulizing a 
hydrophilic solvent and with a heating means 
(9) for heating the first and second nebulizing 
means (8B, 8A). 

2. The mass spectrometer of claim 1, wherein the 
first nebulizing means is a central capillary 
nozzle (8B) and the second nebulizing means 
is an outer shell nozzle (8A) coaxially sur- 
rounding the center capillary nozzle (8B), and 
the first and second nebulizing means (8B, 8A) 
constitute a double tube nozzle. 

3. The mass spectrometer of claim 1 , wherein the 
first nebulizing means is a capillary nozzle and 
the second nebulizing means is another capil- 
lary nozzle, and the two capillary nozzles are 
provided in different axial directions from each 
other and their outlets are positioned close to 
each other and focused to one point. 

Patentanspruche 

1. Mit einem Flussigkeitschromatograph direkt 
gekoppeltes Massenspektrometer, das einen 
Flussigkeitschromatograph-Teil, einen 
Massenspektrometer-Teil und einen den 
Flussigkeitschromatograph-Teil mit dem 
Massenspektrometer-Teil koppelnden 
Interface-Teil aufweist, wobei der Interface-Teil 
mit einer ersten Zerstaubungseinrichtung (8B) 
zum Zerstauben eines von dem 
Flussigkeitschromatograph-Teil durch ein Ka- 
pillare kontinuierlich in einen Vakuum- Oder 
Atmospharendruckbereich eingeleiteten Eluats 
eines hydrophoben Losungsmittels versehen 



ist, das eine Probe in Losung enthalt, und 
wobei die erste Zerstaubungseinrichtung (8B) 
ferner mit einer zweiten Zerstaubungseinrich- 
tung (8A) zum Z rstauben eines hydrophilen 
5 Losungsmittels sowie mit einer Heizeinrichtung 

- (9) zum Beheizen der ersten und der zweiten 
Zerstaubungseinrichtung (8B, 8A) ausgerUstet 
ist. 

io 2. Massenspektrometer nach Anspruch 1, wobei 
die erste Zerstaubungseinrichtung eine zentri- 
sche Kapillarduse (8B) und die zweite Zerstau- 
bungseinrichtung eine die zentrische Kapillar- 
duse (8B) koaxial umgebende AuBenmanteldu- 

75 se (8A) ist, und wobei die erste und die zweite 

Zerstaubungseinrichtung (8B, 8A) eine Doppel- 
rohrduse bilden. 

3. Massenspektrometer nach Anspruch 1, wobei 
20 die erste Zerstaubungseinrichtung eine Kapil- 

larduse und die zweite Zerstaubungseinrich- 
tung eine weitere KapillardU.se ist, und wobei 
die beiden Kapillardusen in unterschiedlichen 
- Axialrichtungen zueinander verlaufen und mit 
25 ihren Auslassen nahe beieinander angeordnet 

und auf einen Punkt fokussiert sind. 

Revendications 

30 1. Spectrometre de masse couple directement a 
un chromatographe a phase liquide et qui 
comprend une section formant chromatogra- 
phe a phase liquide, une section formant spec- 
trometre de masse et une section d'interface 
35 couplant la section formant chromatographe a 

phase liquide a la section formant spectrome- 
' tre de masse, la section d'interface 6tant £qui- 
pee de premiers moyens de nebulisation (8B) 
pour n£buliser un 6luat d'un solvant hydropho- 
be be contenant un echantillon en solution intro- 
duit de facon continue a partir de la section 
formant chromatographe en phase liquide par 
I'intermediaire d'un capillaire, dans une zone 
en depression ou a la pression atmospherique, 
45 les premiers moyens de nebulisation (8B) etant 
en outre 6quipes de seconds moyens de ne- 
bulisation (8A) servant a n6buliser un solvant 
hydrophile et de moyens de chauffage (9) pour 
chauffer les premiers et seconds moyens de 
so nebulisation (8B.8A). 

2. Spectrometre de masse selon la revendication 
1, dans lequel les premiers moyens de nebuli- 
sation sont constitu^s par une buse capillaire 
55 centrale (8B) et les seconds moyens d nebu- 

lisation sont constitu6s par une buse (8A) en- 
tourant coaxialement la buse capillaire centrale 
(8B), et les premiers et seconds moyens de 
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ngbulisation (8B.8A) constituent une buse a 
deux tubes. 

3. Sp ctrometre de masse selon la rev ndication 
1, dans lequel les premiers moyens de n6buli- 5 
sation sont constitues par une buse capillaire 
et les seconds moyens de n^bulisation sont 
constitues par une autre buse capillaire, et les 
deux buses capillaires sont dirig^es dans des 
directions axiales differentes et leurs sorties 10 
sont disposees a proximite I'une de I'autre et 
sont focalisees en un point. 
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FIG. 3 



8B 



8A 



6 



EP 0 338 572 B1 



CVJ 




7 



